Welfare problems related to the way horses are bred, whether by coitus or by the application of artificial reproduction techniques (ARTs), have been given no discrete consideration within the academic literature. This paper reviews the existing knowledge base about welfare issues in horse breeding and identifies areas in which data is lacking. We suggest that all methods of horse breeding are associated with potential welfare problems, but also that the judicious use of ARTs can sometimes help to address those problems. We discuss how negative welfare effects could be identified and limited and how positive welfare effects associated with breeding might be maximised. Further studies are needed to establish an evidence base about how stressful or painful various breeding procedures are for the animals involved, and what the lifetime welfare implications of ARTs are for future animal generations.
Welfare problems relating to the way horses are bred -for example, stress related to long distance transport of breeding stallions or negative side effects of the application of artificial reproduction techniques (arTs) -have been the occasional subject of conference presentations (for example, Campbell 2012 , 2013 , Mills 2013 . However, they are not discussed a great deal within the horse industry, and have been given no discrete consideration within the academic literature.
This paper aims to address that deficit by reviewing the existing knowledge base on welfare issues in horse breeding, and identifying areas in which data is lacking. We then go on to discuss how negative welfare effects associated with horse breeding could be better identified and limited. 'Horse breeding' is defined for the purposes of this article as the processes which lead up to conception, pregnancy and the management of stallions, broodmares and foals until weaning.
In this review, we do not address welfare issues in horses that arise from heritable conditions (reviewed by Bettley and others 2012) , nor welfare issues related to selective breeding for traits that humans find desirable (for example, extremes of size). Nor do we address the welfare issues of horse abandonment and neglect, identified by various equine charities and in the media as being caused by overbreeding of horses (for example, World Horse Welfare 2013).
further, we do not, for reasons of space, discuss welfare issues that arise from the management of breeding animals. Instead, starting with the premise that breeding is a legitimate use of horses by people, our focus is on the welfare issues associated with the ways in which horses are bred, whether via 'natural cover' (coitus) or arTs.
In the context of this paper, we are interested in 'welfare' in both negative and positive senses. We are concerned with protecting animals from negative experiences such as pain, discomfort, fear and stress, and also with maximising positive welfare effects. although Review attempts to identify positive welfare effects of breeding on horses (for example, whether a mare takes pleasure in raising a foal) run the risk of descending into conjecture, it is possible to associate the fulfilment of animals' needs for social interaction, or the ability to exhibit some other normal behaviours, with positive welfare.
Welfare and health are linked throughout veterinary medicine, and this is particularly true of breeding, where vaccination of breeding stock and their offspring and control of venereal diseases are important tools in safeguarding welfare. However, in this article, we shall focus on issues that are welfare insults, in the sense that they can directly cause pain, discomfort, fear, stress or other forms of reduced welfare to an animal or its offspring, and shall not consider welfare issues that might arise from infectious disease processes (although infectious disease can, of course, cause pain and distress).
Literature search
a search of the literature was carried out using the terms: 'horse breeding and welfare'; 'broodmares and welfare'; 'stallions and welfare'; 'foals and welfare'; 'welfare effects of assisted reproductive technologies'; 'welfare effects of assisted reproductive technologies in horses'; 'equine embryo transfer'; 'equine artificial insemination'; and 'equine assisted reproductive technologies'. The search for books and peer-reviewed papers was conducted using the royal Veterinary College's SCOUT system, PubMed, CaB direct, Biomed Central journals, and the Web of Science. additionally, 'soft' data sources were searched using the same terms.
Technique-associated welfare problems

Natural cover
In the wild, a harem stallion and its band of mares interact constantly, year round (McDonnell 2000) . equine courtship and copulatory behaviours, in common with those of most mammalian species, are complex (Chenoweth and others 2014) , and are frequently initiated by the mare rather than by the stallion (Chenoweth and others 2014; McDonnell 2000) . In domesticated situations, although some breeders allow stallions to run loose with mares at pasture, it is much more common for horses to be bred either 'in-hand' (that is, the stallion is led by a human), or using arTs.
Internationally, the stud books responsible for registering Thoroughbred horses will only do so for the purposes of racing if the horse has been conceived by 'natural cover', that is, by intercourse between a mare and stallion. Thoroughbreds conceived by artificial techniques, for example, artificial insemination (aI) or embryo transfer (eT), may not be raced under these rules. They may, however, be reg-
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istered in an auxiliary part of the studbook and compete in disciplines other than racing, for example, eventing or polo. Mares being covered under a typical Thoroughbred stud farm system are restrained using a bridle and sometimes also the application of a nose twitch and hobbles, and have boots applied to the back feet to avoid them kicking the stallion. The stallion is typically led towards the rear of the mare, and expected to mount her with little if any opportunity to interact with her head end. This is very different from the natural behaviour of breeding horses, in which the mare frequently solicits the stallion, the initial approach from the stallion is often to the mare's head rather than her hindquarters, and an elaborate process of licking, vocalising and (sometimes) trial mounting is undertaken before copulation occurs (McDonnell 2000) . In controlled, in-hand breeding the emphasis is on restraint of both horses. While the rationale behind such restraint is an understandable desire to protect both horses and humans from injury, it is arguable that there is the possibility of experienced frustration caused by preventing the animals from fulfilling behavioural needs (see also the fourth of the 'five freedoms', requiring the freedom to 'express normal behaviour ' [faWC 2012a]) . No paper was found in the literature assessing the effect in terms of frustration or stress of a 'natural cover' system of this type on mares, foals or stallions.
further welfare concerns associated with the use of 'natural cover' in the Thoroughbred industry relate to practices that are designed to maximise the economic benefit of breeding. a successful Thoroughbred stallion may cover up to 200 mares in a breeding season, which requires him to 'perform' two or three times a day, since the season is artificially limited by the studbooks (february 1 to July 15 in the Northern Hemisphere). Such heavy breeding schedules are an acknowledged cause of loss of libido (McDonnell 2011) , and as such may indicate mental or physical stress. The practice of 'shuttling' Thoroughbred stallions between Northern and Southern Hemispheres so that they can be used for breeding activities yearround has the potential to further compromise their welfare by subjecting them to the stress of long flights, novel surroundings and unfamiliar pathogens.
Time limitations
The artificial regulatory time limitation on the Thoroughbred breeding season also carries welfare implications. Naturally, mares are seasonal breeders. In the Northern Hemisphere, they would typically cycle regularly between about March -april and September. Under the rules of racing, all Thoroughbreds are given a nominal birth date -January 1 in the Northern Hemisphere -and race according to that nominal age. Because Thoroughbreds typically race from age two upwards (depending on the type of race) and many races are classified by age, a foal born in early January will have a competitive advantage over a foal born in June, which must race in the same age group. There is thus substantial economic pressure for mares to foal early. This requires mares to conceive at a stage of the year at which the majority of barren or maiden mares would naturally still be in seasonal anoestrus. Consequently, the use of artificial lighting, high planes of nutrition and drugs to stimulate reproductive cyclicity outside of the physiological breeding season in mares is commonplace (Sharp 2011) . Where veterinarians and breeders are successful in stimulating mares to conceive early in the year, the resultant early-born foal may be confined indoors due to inclement weather and may experience a lack of grass when turned out; both challenges to the expression of normal behaviours (faWC 2012a).
Many of the welfare concerns associated with the practice of natural cover could be alleviated or abolished by the use of aI. This allows for semen to be collected from a stallion, divided into aliquots and either frozen, delivered chilled or used fresh. Since one ejaculate typically contains enough semen to achieve pregnancies in four to seven mares, all but the busiest stallions need to be collected from only once a day at most. Because semen can be shipped internationally, there is no requirement for the stallion to travel. Typically a 'dummy mare' is used to collect the semen. although this does not abolish the risk of injury to the stallion completely, it does mean that there is no risk of injury between a stallion and a real mare. furthermore, when the semen can be shipped to the mare owner, mares and foals no longer need to be transported to stud, which reduces stress and exposure to pathogens.
Assisted reproductive techniques
The vast majority of non-Thoroughbred studbooks now allow the use of arTs. although some non-Thoroughbred breeders still opt to use the kind of in-hand 'natural cover' system described above, breeding using aI and/or eT has become the norm for many breeds.
The use of arTs, however, is not without its own welfare implications (Table 1) . In considering the use of arTs, we should be aware of short term and longer term welfare issues that affect animals either subjected to or derived from arTs (Young and others 1998 , farin and others 2004 , farin and others 2006 , Campbell and others 2014 , Kim and others 2014 .
for stallions, potential welfare issues relate to what might be described as an attenuation of the freedom to express normal behaviours. The use of a 'dummy mare' minimises the risk of injury to the stallion without requiring restraint of a live mare, but also means that many successful breeding stallions in aI programmes never actually touch a mare or contact urine, faeces or urovaginal secretions of mares (McDonnell 2000) . Such attenuation of normal behaviours is perhaps reflected in the fact that low libido in comparison to that seen in harem stallions is a recognised problem in stallions whose breeding behaviour is controlled by people (McDonnell 2000) .
However, for the most part, potential welfare implications of the use of arTs in equine breeding apply to mares or offspring, rather than to stallions. The most commonly used arTs in equine breeding are aI and eT (Hartman 2011) . Oocyte collection, gamete intrafallopian transfer (GIfT), in-vitro fertilisation (IVf), intracytoplasmic sperm injection (ICSI) and nuclear transfer ('cloning') are also viable techniques, although their application is less common in general practice than in specialised reproduction laboratories. a detailed discussion of the technical aspects, relative success and merits of equine arT procedures is outside the scope of this paper, but can be found in McKinnon and others (2011) and is reviewed by Hinrichs (2012) .
With the exception of cloning (see below), little attention has been paid to the welfare implications of equine arTs. However, techniques such as aI, eT and even GIfT are much more commonly undertaken than cloning. Therefore welfare issues associated with these techniques, if they exist, potentially affect a significant number of animals across the globe each year.
Mares can be inseminated with freshly collected, chilled or frozen semen, using simple transcervical, deep intrauterine or hysteroscopic insemination. It is recognised good practice to restrain a mare in stocks during these procedures, both for the safety of the personnel involved and to reduce the risk of a rectal tear occurring if the mare moves suddenly. Whether a mare is additionally sedated varies, and seems to depend upon the temperament of the mare and the perceived difficulty of the procedure. The majority of mares who are restrained in stocks and inseminated with fresh or chilled semen are not sedated. It is not common practice for mares to be provided with analgesia during aI (although where sedatives are used, some sedatives do have an analgesic component). No studies on pain and other negative states related to aI in mares were found in the literature.
Embryo transfer
Similarly, there seem to be no studies on whether eT is painful in mares. although eT is known to be painful in other species, especially those in which embryo flushing is a surgical procedure (Jirkof and others 2013) , the fact that flushing and transfer are both usually now non-surgical procedures in mares and that the mare's cervix dilates easily even in dioestrus makes it likely that eT is a comparatively unpainful experience for mares. Nonetheless, it is common practice to sedate mares both during flushing and eT, but not to provide analgesia other than that incorporated in sedation. The rationale for such sedation is probably to reduce the risk of rectal tears and to make the procedure technically easier by preventing the mare moving. Hartman (2011) also suggested (apparently from clinical experience) that sedation is necessary during embryo flushing as fluid expansion of the uterus can be uncomfortable for the mare.
It is certainly true that the potential welfare issues for a donor mare, including those associated with the flushing procedure and with repeat injections to attempt to induce superovulation when used (Meyers-Brown and others 2010), exceed the potential welfare issues guided follicular aspiration with an increase in heart rate and peripheral cortisol levels, although the authors commented that those effects may have been in reaction to epidural anaesthesia rather than to oocyte puncture specifically (Petyim and others 2007) . another study failed to demonstrate any significant difference in alteration of cortisol levels or milk production between cows subjected to repeated ovum pickup and control animals (Chastant-Maillard and others 2003). Perhaps because the number of mares having oocyte retrieval performed on them is much lower than the number of farm animals being subjected to the same arT, we know less about welfare compromising side effects in mares. although the effect of repeated aspiration of follicles on fertility has been studied (Mari and others 2005) , the specific question of whether oocyte retrieval in mares causes pain or discomfort does not seem to have been addressed. Cook and others (1993) , although not aiming to investigate whether oocyte retrieval caused pain, did incidentally report that ovaries appeared to become painful after aspiration of several follicles, and that one of 30 mares showed signs of pain after aspiration. Despite the lack of specific studies on whether oocyte aspiration causes pain in the mare, it is nonetheless normal practice for mares undergoing oocyte retrieval to be restrained in stocks, sedated and provided with systemic analgesia (Cook and others 1993 , Galli and others 2001 , Carnevale and others 2003 , Carnevale 2011a ). The perceived need to restrain the mare may be related to concerns about causing rectal tears and about the ease of follicular aspiration, as well as about pain. Similar provision is made for mares into which an oocyte is being surgically transferred, in combination with local anaesthetic (Carnevale 2011b) . The need for analgesia during transfer is perhaps more obvious since an incision is being made. recipient mares also have to undergo aspiration of their own preovulatory follicle(s) in order to ensure that the oocyte that is fertilised following transfer originates from the donor and not the recipient mare. Neither surgical transfer nor aspiration of the recipient's own follicle is necessary if oocyte retrieval is used in conjunction with ICSI and a non-surgical eT rather than GIfT.
relatively little evidence is available about the effects of oocyte aspiration on foals created using retrieved oocytes. In cattle, where oocyte retrieval is often used in combination with IVf and eT, that combination has been associated with fetal oversize, compromised placental competence, and perinatal deaths due to cardiovascular, pulmonary or other limitations (Mcevoy and others 2006) . The welfare problems encountered with bovine oocyte retrieval followed by IVf and eT may relate to technique and the length of time and conditions for the recipient mare (in whom non-surgical transfer differs little from a conventional aI). Overall, eT has greater potential to cause welfare issues than aI. Often, more than one recipient mare is prepared per donor mare, to increase the chances of achieving synchronisation of donor and recipient. This means that the number of invasive rectal and ultrasound examinations per pregnancy is increased compared to aI. Particularly where recipient mare numbers are limited, greater pharmacological manipulation (often involving repeated injection) of mares may also be necessary to achieve synchronisation than is necessary to manipulate the reproductive cycle for aI.
embryo transfer can offer some positive welfare benefits insofar as the possibility of shipping preserved embryos abolishes the need to transport mares and foals. flushing an embryo from a mare at risk of a pregnancy-related injury, for example, increased risk of a ventral musculature rupture during pregnancy due to previous colic surgery, also has the potential to improve that individual's welfare by abolishing the need for it to carry a foal to term.
Oocyte retrieval and transfer
Oocyte retrieval (Carnevale 2011b ) provides a method of achieving pregnancies in mares in which reproductive pathologies render eT unsuccessful others 2001, Carnevale 2011a ). In mares, unlike cattle, IVf has proved relatively unsuccessful (Hinrichs 2005) . Oocyte retrieval is therefore more commonly used in conjunction either with transfer of the oocyte into a recipient mares' oviduct and simultaneous deposition of sperm in the oviduct (GIfT), or transfer of the oocyte into a recipient mare's oviduct followed by transcervical insemination of the recipient. alternatively, the oocyte can be fertilised in vitro using ICSI, and the embryo created is placed in the recipient mare's uterus using eT.
although various techniques for oocyte retrieval have been described (Carnevale 2011a) , the most commonly used is transvaginal ultrasound-guided follicular aspiration (Cook and others 1993 , Galli and others 2001 , Carnevale 2011a . Transvaginal ultrasound-guided follicular aspiration in women is known to be associated with pain, the severity of which is dependent upon needle design (Wikland and others 2011) . The insertion of a needle through the vaginal wall carries associated risks of pathogen transmission and of vaginal rupture which are assumed to apply also in animals (Mcevoy and others 2006) . In sheep and goats, repeated transvaginal oocyte retrieval has been associated with the development of adhesions (Mcevoy and others 2006) . In cattle, one study associated transvaginal ultrasound-under which oocytes and embryos are held in vitro (Mcevoy and others 2006) . fetal oversize in particular has been shown to be related to culture conditions, including the addition of serum to embryo culture media (everts and others 2008, Smith and others 2009, angulo and others 2010). It does not, therefore, necessarily follow that similar problems would occur in mares undergoing oocyte retrieval and GIfT, or ICSI and eT. Indeed, where information about foals conceived using these methods is available in the literature, there is no evidence that these techniques have negative effects on the health and other aspects of the welfare of foals, at least in the short term.
Cloning recent publications about the efficiency of producing 'clones' by equine somatic cell nuclear transfer, and discussion among stud books and regulatory authorities about the registration of clones and their offspring (feI 2012), have promoted consideration of the welfare implications associated with this particular equine arT. Current cloning techniques result in recognised welfare problems in farm animals (renard and others 2001, Houdebine and others 2008, faWC 2012b) . Problems begin during the embryo stages, when loss rates are higher than rates associated with other arTs (efSa 2010), and continue right through to the adult stages of the lives of cloned animals (renard and others 2001).
In equine reproduction, production of embryos using somatic cells as the source of nuclear transfer is now both a research tool and a clinical service (Hinrichs 2005 (Hinrichs , 2006 (Hinrichs , 2012 . Because the number of cloned foals is still small (estimated at 100 to 200 worldwide [Hinrichs 2012 ]), and perhaps because there is not the same public concern about the possible effects on human health (efSa 2008), data about the health and welfare of equine clones is sparse compared to that available for clones of species that are primarily used for food production. What little data is available comes primarily from the efforts of the group led by Katrin Hinrichs at Texas a&M University to collate information relating to the production of 'cloned' foals (Hinrichs 2006, Johnson and others 2010) . This group reported that 26 per cent of cloned embryos transferred by them resulted in the birth of a live foal. This is a higher success rate than that of Galli and coworkers, who produced three live foals from transfers of more than 100 cloned embryos others 2003, lagutina and others 2005) .
although only dealing with the data from one laboratory, the study by Johnson and others (2010) suggests that the incidence of abnormalities at birth in 'cloned' foals exceeds that of non-cloned foals, and that cloned foals require intensive treatment if they are to survive the immediate postpartum period. Umbilical abnormalities (as in other species) seem a particular problem. However, the fetal oversize and consequent dystocia seen in cattle seem to not occur in horses. This is probably because mares generally 'regulate' the size of their foal in utero (allen and others 2002) . Similarly, the problems of hydrops of the fetal membranes, which occur in cloned cattle, seem not to occur in mares; this may be due to differences in placentation.
Limiting negative welfare effects
It is clear from this review that known and potential welfare issues are associated with the use of horses for breeding, whether the technique used be 'natural' or 'artificial'.
There is a strong argument to be made that some types of arT are useful tools for improving the welfare of breeding horses. for example, use of aI and shipped semen removes the need to transport mares, foals and stallions nationally or internationally, and thus reduces their exposure to stress and infectious disease. Transportation of flushed chilled embryos rather than a whole mare has similarly positive welfare implications. a recent innovation by SportHorse Breeding (UK) whereby the studbook has agreed to allow geldings with previously frozen semen to be entered into the stallion grading scheme and, if they pass, to be registered as breeding animals, is another good example of using arTs to improve welfare. The ability to use geldings as breeding animals will remove the need to keep male animals entire, and should therefore make it easier to keep them in a system where welfare-enhancing social interaction with other horses is easier to manage. additionally, knowing that geldings have the potential to be registered as breeding animals later in life might encourage owners to have semen frozen before the animal is gelded, and this in turn might reduce the incentive to clone a gelding after he has proven competitively successful in order to use his clone as a breeding animal. Given the welfare issues associated with current cloning techniques this too should be welfare-enhancing.
However, notwithstanding the potential of some arTs to improve equine welfare, more information is needed about possible negative welfare effects of equine arTs, particularly the newer ones. a lack of information about the safety and efficacy of new arTs is not unique to animal reproduction and has also been identified in the field of human reproductive medicine (Dondorp and de Wert 2011) . The current situation in equine reproduction seems to be a somewhat paradoxical one whereby analgesia is provided for some techniques (for example, oocyte retrieval) in the absence of an evidence base proving that the technique is painful, and not provided for other techniques (for example, aI) in the absence of an evidence base proving that they are not painful. Clinical experience suggests that most veterinarians are making decisions about the need to provide analgesia based on observations of the mare's behaviour and supposition about what might be painful. Generally, clinicians seem to err on the side of providing analgesia if they suspect that the mare might experience discomfort.
The ability of owners and veterinarians to make evidence-based judgements about the negative welfare effects of different types of arTs and about the potential effect of using analgesia requires studies incorporating valid measures of pain, discomfort, fear, stress and other aspects of negative welfare in the mares involved. Such studies could include measurement of physiological parameters such as salivary or serum cortisol levels in horses before and after an arT is used (Peeters and further information is also needed about the effect of arTs on the welfare of future generations of horses. aI and eT are techniques that have been used on mares for decades now. Hinrichs (2012) estimates that 25,000 eTs are performed worldwide per year. Commonsense suggests that if long-term welfare problems in offspring created using aI and eT were an issue, they would have become anecdotally obvious and been reported in the literature by now. It therefore seems likely that long-term welfare effects on future animals do not occur in association with aI and eT. However, there is a paucity of information about the long-term effects of more recently developed arT techniques, such as ICSI and cloning, on the welfare of future generations. Multicentre, long-term cohort studies of horses created using such techniques would inform decision making about the use and modification of techniques.
Conclusions
There is a general lack of data about the welfare of breeding horses, which could be rectified by the addition of such horses as a separate category to ongoing data-gathering exercises about general horse welfare. Careful attention to the management of breeding horses in ways which enable them to express normal behaviours as fully as possible within the constraints of needing to avoid injury to horses and people would improve welfare, both by reducing negative effects and by increasing positive, welfare-maximising factors. Breeders and veterinarians should also give careful thought to whether insults to welfare arising from recognised stressors could be reduced by employing arTs. However, further studies are needed in order to establish an evidence base about how stressful/painful various arTs are for the animals involved, and what the lifetime welfare implications of arTs are for future animal generations. Only when that information becomes available will we be able to make sound ethical judgements about whether the (potential) cost of (possibly) stressful/painful techniques is outweighed by a welfare benefit derived from reduced exposure to stress associated with travel, mixing of animals, and 'natural' cover techniques.
